In 2000 and 2001 Canadians were shocked by water contamination events that took place in two provinces. In 2004 we undertook an internet-based survey across Canada that asked respondents to identify in percentage terms their total drinking water consumption according to one of three sources: tap water, bottled water, and home-filtered water (either some type of container or an in-tap filter device). In this paper we investigate the factors that influence these choices and whether choosing to either filter or purchase water is linked to perceptions of health concerns with respect to tap water. A series of one-way analysis of variance (ANOVA) tests suggest that the presence of children in a household and self-reported concern that tap water causes health problems lead to significantly greater consumption of bottled water or filtered water and significantly less tap water consumption. In order to examine these choices in a multivariate framework, we estimate a multinomial logit model. Factors yielding higher probabilities of a respondent being primarily a bottled water drinker (relative to the choice of tap water) include:
INTRODUCTION
After many years of being taken for granted by the general public in Canada, the quality of municipally supplied drinking water came to the forefront of both public and government awareness as a result of the outbreaks of waterborne diseases in Walkerton, Ontario, (2000) and Events in these communities served to highlight the importance of understanding the link between the environment, human health, and water quality. One outcome approach to ensure water quality from "source to tap".
The report urged involvement from multiple stakeholders, including all levels of government (federal, provincial and municipal), as well as industry, non-governmental agencies and the general public.
What these events also underscored is the necessity of undertaking research into public concerns, particularly those pertaining to health, as they relate to the public's tap and bottled water preferences and determinants (Doria 2006) . There have been only a few efforts in the past to shed light on these matters. What these studies have revealed, however, is that large (and growing) numbers of the public have chosen to consume substitutes for their tap water: in the form of either home-filtered tap water or as purchased bottled water (Health and Welfare Canada 1983; Auslander & Langlois 1993; Levallois et al. 1999; Abrahams et al. 2000) . (Dietz et al. 1998) .
This is confirmed by a Statistics
For example, heterogeneity of preferences arising from sociodemographic characteristics is likely to be an important determining factor. Jones et al. (2006) found evidence of age differences associated with consumption of bottled water but did not find support for income or education factors.
They speculated that other considerations -such as perceptions, views, beliefs, and experience -might dictate choices and argued that it would be important to examine the roles played by these factors. While Statistics Canada (2009) did not examine the relationship between these types of perception and experience motivations and bottled water purchases, the report noted that removal of chlorine, metals and minerals, as well as concerns about possible bacterial contamination, e.g. from E. coli, Cryptosporidium, or Giardia, appeared to be important factors in the decision to filter one's home tap water. Previous research suggests that aesthetics (taste and smell) and convenience might be just as important to consumers as the perception that bottled water is somehow safer than tap water (Grondin et al. 1996; Jardine et al. 1999; Levallois et al. 1999; Abrahams et al. 2000; Doria 2006; Jones et al. 2007 ).
Statistics Canada (2009) , for example, asked respondents to categorize their motivations for filtering or treating tap water at home. Approximately 43% of respondents indicated that they did so to remove possible bacterial contamination, while 58% indicated that they preferred the taste/smell of home-filtered water.
This paper provides a response to Doria's (2006) call for more research on bottled and tap water preferences and determinants and contributes to the literature in a number of ways. First, it reports on the drinking water choices of a representative national sample of Canadian households. Survey respondents were asked about three sources for home drinking water consumption: tap water, home filtered tap water and bottled water. In addition to providing information for Canada, as a whole, the data allow us to identify similarities/differences in these choices across four main geographic regions: West, Ontario, Quebec, and Atlantic. This yields an overall picture of water consumption in Canada that expands beyond the work of Jones et al. (2006) and Pintar et al. (2009) . Second, the paper examines the association between these three drinking water choices and demographic characteristics of the respondents in each of these regions. Third, the paper integrates socio-demographic factors with additional information on self-reported experiences of common "problems" of tap water (such as unpleasant smell and taste), beliefs about the risks of bacterial contamination for tap water, and perceptions of tap water quality, in a multinomial logit model to explain the probabilities of a respondent choosing to be either a filtered or bottled water drinker rather than a tap water drinker.
The next section gives a brief description of the survey from which these data are taken. The following section discusses methods used to examine factors that are associated with respondents' water consumption from the three sources: tap, filtered tap water, and bottled water.
In the fourth section we report our empirical results and in the fifth section we discuss key findings. The paper concludes with some implications arising from the results that can inform a water and health policy dialogue.
Specifically, our results show that a majority of survey respondents believe that bottled water is safer than tap water and that health concerns are a key component to better understanding water consumption choices made by the public. Ironically, this is occurring at the same time as a number of municipalities are enacting legislation to ban the sale of bottled water in public places. Insofar as these government efforts lead to much needed and publicised reinvestment in public water infrastructure, perceptions may change and the public interest may be served.
SURVEY DATA Survey administration
During the summer of 2004 we conducted an internet-based survey using a secure on-line website administered by IpsosReid, a marketing and public research firm. The survey was developed after extensive focus group testing in various Canadian cities during 2002 and a pre-test in December 2003, and employed the current best practices of internet survey design (Dillman 1999) . In order to meet our request to have approximately 1,600 completed responses with cross-Canada representation, Ipsos-Reid sent out 4,563 email invitations to a random sample of its panel of internet users. The panel consists of over 100,000 members who have been recruited to the panel primarily over the telephone using random digit dialling. After initial contact, the Internet panel is constantly maintained and updated.
Non-active members are removed from the panel and membership is continuously refreshed through a double opt-in process. Incentives for survey completion are points that can be exchanged for vouchers. Panel members are not told the topic until they enter the survey site and pass the screening questions. (For our survey, this was whether the respondent was on a municipal water supply system). (Dillman 1999) , however, mail surveys may be subject to self-selection bias if the respondent chooses not to answer the survey after viewing it. The internet approach was chosen for the following advantages: visual presentation of questions, the ability of the researcher to control the order in which respondents answer the survey, and the speed of data retrieval.
Data collected
The questionnaire elicited information from respondents about their consumption of water from three sources described to them as: water direct from the tap, home treated tap water (either filtered or boiled in the home), and purchased water (either bottled or from home delivery).
Respondents were asked to indicate the percentage of water that they personally consume at home from each of the three sources. In addition, the survey asked respondents to indicate the type of water filtration or treatment systems that they use in their homes. A second set of questions told respondents to consider only their tap water and to indicate whether they had experienced rusty water, sedimentation, unpleasant tastes and smells in their tap water (these factors were identified by respondents who participated in our focus groups as important ones). Next, respondents were asked to indicate whether they had heard about the presence of certain items in their tap water and separately whether any of these had been of special concern in their community (the questions read as follows: "For each of the following items that may be present in a household's tap water, please indicate if you have heard about it as a concern with drinking tap water and if any of these items have been a special concern in your community." The list of items included: E. coli., Cryptosporidium, Giardia, Trihalomethanes, fluoride, pesticides, and metals). They were also Information about a number of socio-demographic variables was requested of respondents. This information included: gender, age (in years), highest level of education attained, household income, province, and whether there were children in the household. Since survey respondents were drawn from an internet-panel across Canada, we were able to obtain a proportional sample of responses from the provinces. Table 1 
METHOD
Our goal in this paper is to determine the factors that are important for the drinking water choices of our representative sample of Canadian households. We use our survey data in an empirical model to examine the factors that either increase or decrease the probability of respondents choosing to use filtered tap water and bottled water over tap water. These factors include socio-demographic variables, as well as self-reported water quality experience variables and a number of variables pertaining to perceptions of water quality as they relate to health considerations.
Our empirical analysis proceeds in two stages. First, we examine the independent associations between water consumption choices and a number of explanatory factors as noted above through a series of univariate ANOVA tests.
In each case the hypothesis is that for each of the three where an individual (i) can make a choice ( j) from more than two mutually exclusive alternatives (where J is the set of alternatives; this is three in our case). Conditional upon an individual's socio-demographic characteristics, perceptions, experiences, etc., we define in Equation
(1) the probability (p ij ) of individual i choosing a particular water type alternative j. In this equation the explanatory variables are represented by the vector, X, and the coefficients to be estimated are the bs. The price of bottled water is an important explanatory variable; however, our survey did not collect information on this variable. It is difficult to ascertain the actual cost of a bottle of water to an individual given that bottles can be purchased individually, as well as by the case. A priori, we expect income levels to be positively correlated with increasing bottled water consumption given the high costs of purchasing this source of water; in some areas, the cost per cubic metre for bottled water is 1,000 times that of municipally supplied water. For the United States, this number might be even higher. The Natural Resources Defense Council (1999) report to the FDA shows research indicating that the price per gallon for bottled water (relative to tap water) could reach from 240 to 10,000 times greater.
In our case, we are interested in the choices respondents make between consuming primarily tap water, primarily bottled water or primarily filtered water.
We classify a respondent as choosing to be primarily a tap, filtered or bottled water drinker if he/she consumes 75% or more of that type of water. This corresponds to the definition used in Jones et al. (2006) . This gives us 552 respondents who fall into the primarily tap category, 562 who fall into the primarily filtered category, and 223 who fall into the primarily bottled water category with (18) 14 (19) 13 (18) 16 (18) 16 (16) 30 -39 18 (18) 18 (18) 20 (18) 17 (16) 12 (16) 40 -64 53 (47) 52 (46) 51 (46) 54 (48) 57 (49) 65 and over 15 (18) 16 (17) 16 (18) 13 (18) 16 (19) Highest level of education
High school or less 28 (25) 29 (26) 25 (26) 30 (21) 37 (23) University/college 72 (75) 71 (74) 75 (74) 70 (79) 63 (77) Household income ($CAN 2004) Under 29,999 27 (26) 26 (25) 28 (22) 25 (30) 30 (31) 30,000 -54,999 27 (25) 30 (25) 24 (23) 26 (28) 36 (34) 55,000 -99,999 31 (30) 28 (30) 33 (31) 34 (28) 34 (23) Over 100,000 15 (19) 16 (20) 15 (24) 15 (14) 0
Gender
Female 48 (52) 48 (51) 47 (52) 48 (52) 51 (52) Male 52 (48) 52 (49) 53 (48) 52 (48) 49 ( Given the observed choices of the N respondents in our sample, we define in Equation (2) the log of the likelihood function. This is the joint probability distribution of the data, expressed as a function of the parameters (the bs).
Estimation proceeds by maximizing Equation (2) through choice of the bs. The econometrics package NLOGIT is used (Greene 2008) .
where d ij ¼ 1 if individual i chooses alternative j and 0 otherwise.
RESULTS
We present three sets of results in this section: information on water consumption choices for the respondents in our sample, information on self-reported water quality experience and perception variables and how these are related to water consumption choices, and estimated coefficients from the multinomial logit model that incorporates all factors simultaneously. Table 2 presents data on the self-reported percentage of total drinking water consumption from each of the three sources (tap water, home treated (filtered or boiled) tap water, and bottled water). This information is presented in a number of ways: for the average respondent in Canada and for the average respondent in each of the four regions.
Water consumption choices
As well, the table presents these consumption percentages your household primarily drink at home" and gave respondents the following choices: tap, bottled or both tap and bottled. Unfortunately, respondents were not asked to specify the extent to which the tap water was home filtered.
Moreover, respondents were not given a specific number intended to represent "primarily". Respondents obviously could interpret this as being a number from 51 to 100%.
Our data collection process required respondents to state the percentages of home water consumption from each of the three sources (unfiltered tap, filtered tap, and bottled).
It further required the answers to sum to 100% before allowing respondents to proceed to the next question.
As noted above, we also present data in Table 2 The second breakdown presented in Table 2 looks at water consumption according to educational attainment.
Respondents with lower levels of formal education have much higher filtered water consumption levels. This may arise because less educated individuals are older, although we find limited support for increasing age being related to using filtered tap water (Quebec alone). Alternatively, individuals with a lower level of education may be less able to independently assess health risks and, therefore, may be more influenced by health claims made about home water filtration devices. These differences appear to be substantial (e.g. for the Atlantic region, respondents whose highest level of education is high school consume on average 54% filtered water compared with 36% for a respondent who has achieved a higher level of education);
however, given the small sample size, these differences are not significant ( p ¼ 0.540).
Experiences with tap water and role of perceptions for water choices
In addition to querying survey respondents on their water consumption choices, we asked them to provide answers to a number of questions designed to examine the extent to which they have experienced water quality problems and their perceptions about the relationship between water quality and health. Table 3 presents this information for Canada, as a whole, and for each of the four regions.
We note first the percentages of respondents in our survey who report having experienced rusty water and sediment.
Such occurrences appear relatively frequently across Canada, particularly for the Atlantic region. Unpleasant taste and smell problems occur for 1 in 3 respondents in the survey in all areas with the exception of Quebec
(1 in either 4 or 5), which it may be recalled, had the highest rate of tap water use.
The rest of Table 3 reports on answers that respondents gave to a number of questions designed to help us understand the linkage that may exist between perceptions regarding water and self-reported health concerns. Given the much publicized outbreak of E. coli in tap water in Walkerton, it is not surprising in this study that many Canadians (15%) indicate that they believe this contaminant to be a problem for their community; however, fewer recognize Cryptosporidium and Giardia. Almost 5% of respondents (particularly those in Quebec) answered yes to the question: "To the best of your knowledge, have you or has anyone in your household ever become sick from drinking the tap water in your home?". Using responses to Cryptospordium is specific concern in my community 6 7 4 10 6
Giardia is specific concern in my community 6 7 3 9 6
Someone has become sick from drinking home tap water 5 4 3 9 4
Overall degree of health concern for tap water Table 3 shows that 38% of respondents indicated that they perceived some degree of problem, and 15% of respondents indicate it to be a moderate to serious problem.
Residents of Ontario and the Atlantic provinces are more inclined to express a greater degree of concern for their health from drinking tap water than do residents elsewhere.
Quebecers, on the other hand, in spite of their past selfreported negative experiences with tap water do not appear to have translated these experiences into an elevated degree of concern about health.
Previous literature suggests women may be more aware of the connection between the environment and health than men (Stern et al. 1993; Bord & O'Connor 1997) .
In order to examine this further, we split our sample by gender to see whether there was any difference in views about the safety of bottled water versus tap water. The responses by gender are included in Table 3 . For Canada, as a whole, 59% of the women said bottled water was safer compared with 48% of the males and this difference was significant ( p ¼ 0.000). The scale of this difference was repeated in every region with the biggest difference arising in the Atlantic Provinces where 65% of women felt bottled water was safer while 43% of men agreed with this ( p ¼ 0.044). These female -male differences were significant in every region but Quebec ( p ¼ 0.115).
Tables 4 and 5 are designed to illustrate how selected variables pertaining to water quality experiences and degrees of concern may give rise to differences in mean percentages of consumption for each of the three types of water. We have correlated these consumption choices against a large number of factors that might contribute to differences but do not report them in this paper in the interests of space. They are available from the authors.
The items chosen for reporting are the ones exhibiting the biggest ranges of differences in percentage choices. When compared to the sample averages presented in Table 2 , we see that tap water consumption is lower than the sample average of 38% and that bottled water consumption is higher than its sample average counterpart.
Specifically, bottled water consumption for the average Canadian in Table 2 is 22% but this rises to 28% for an average Canadian who says she/he has experienced rusty water. However, these differences are not significant This is shown very clearly in Table 5 which shows the extent of the differences by presenting data for two extremes of respondents: those indicating that tap water poses no problem for health and those indicating that tap water poses a serious problem for health. For the sample as a whole the percentage of tap water consumed by someone who has no health concern is 47%. This falls to 12% for someone who indicates that tap water poses a serious problem for health. The p-value for this test for Canada and each region is p ¼ 0.000. Corresponding to this fall in tap water consumption is an increase in bottled water consumption (25) (to 52% for Canadians who believe tap water poses a serious health problem). Again, the p-values for tests of differences in mean bottled water consumption according to health concern are significant ( p ¼ 0.000) for Canada as a whole and by region. In the interests of space, we do not include the filtered tap water percentages. They show little variation across region and by expressed health concern and there are no significant differences in their values. Table 5 also presents information on tap and bottled water consumption by gender from the subset of individuals who expressed the view that bottled water is safer than tap
water. While Table 4 shows us that women tend to be more likely to believe that bottled water is safer, Table 5 shows that this translates into only small differences in mean consumption percentages but these are not significant
In summary, our data exhibit some regional differences in consumption patterns that may be tied not only to factors such as income, education, and gender but also to past experiences, beliefs and risk perceptions. However, the analysis to this point has used one-way ANOVA that focuses only on one factor at a time and does not control for other factors that may be influencing choices at the same time. We turn next to the results from the multinomial logit model that allows us to simultaneously examine all of the disparate influences that help to determine water consumption choices.
Multinomial logit analysis of drinking water choices
Each survey respondent is classified as being primarily either a tap, filtered or bottled water drinker if he/she consumes 75% or more of that type of water. We estimate the multinomial logit model described by Equations (1) and (2) to predict the probability of a respondent being in one of these three categories -we do not include the group of respondents who show no particular preference over one of the three types of water -using the econometric package NLOGIT (Greene 2008) . heard of E. coli (given the high profile of the Walkerton incident), the 4-point Likert scale variable designed to identify the degree of health concern, and a binary variable if a respondent has indicated that she/he thinks that bottled water is safer than tap water.
Results from the estimated model are presented in Table 6 . The reference group is a tap water drinker and the reference individual lives in Ontario. The overall fit of the model is reasonable for cross-sectional data. The McFadden Psuedo R squared is 0.133 and the chi-squared statistic for the likelihood ratio test is 364.348 ( p ¼ 0.000). In addition, a number of the estimated coefficients are significantly different from zero at the 1% significance level or less.
An examination of the results shows that a number of socio-economic variables are important factors associated with either a decrease or an increase in the probability of a respondent choosing to be primarily a bottled water drinker or a filtered water drinker relative to the baseline of being a tap water drinker. A positive sign on the coefficient for a variable indicates that an increase in the value of the variable increases the probability of the respondent choosing one of the alternatives to tap water while a negative sign suggests a decrease in the probability. First, higher household income is significantly positively associated with an increased probability of being primarily a bottled water drinker but it does not have a significant impact upon the probability of being primarily a filtered water drinker. Our results also show that age, the number of people in a household, the existence of food allergies and/or stomach ulcers, and geographic location are not significant factors in the probability of choosing either bottled or filtered water over tap water. Second, individuals with a high school level of education or less are significantly more likely to be primarily filtered water drinkers. Third, Frenchspeaking respondents are significantly less likely to be primarily either a filtered water drinker or a bottled water drinker than English-speaking respondents. Fourth, while there are no significant differences in the probabilities of being a filtered or bottled water drinker relative to being a tap water drinker amongst men and women without children, the presence of a child in a household significantly raises the probability of a man being primarily either a filtered water drinker or a bottled water drinker. Fifth, the previous experience variables are generally not significant factors with the exception of experience with unpleasant tap water tastes leading to a significantly higher probability of being primarily a bottled water drinker. Interestingly, there is no significant difference in choices amongst those who have heard about E. coli and those who have not. They do find support for age to be a significant factor in water choices in their sample, with younger people more likely to consume bottled water. In our results, after controlling for other influences, age is not a significant factor in changing the probability of consumption choices.
Our findings with respect to the role of education mirror those of Janmaat (2007) We also report on three interesting new results.
First, French-speaking respondents are significantly less likely to be either filtered tap or bottled water drinkers than English-speaking respondents. They were also less likely to report having taste and smell problems with their tap water. Second, we note (similar to Jones et al. (2006) ) that, while there are no significant differences in the probabilities of being a filtered or bottled water drinker amongst men and women without children, the presence of a child in a household significantly raises the probability of a man being primarily either a filtered water drinker or a bottled water drinker. This may represent a "father effect". This may be similar to the "mother effect"-that women with children might express more concern for local environmental problems-proposed by Blocker & Eckberg (1989) . Third, while these socio-demographic factors play an important role, our results show that those respondents who have developed a concern for the safety of their tap water as expressed by two variables (belief that bottled water is safer than tap water and health concerns about tap water) are significantly less likely to be tap water drinkers. Given the overall quality and safety of municipally supplied water in Canada and the degree to which it is regulated and monitored for the presence of contaminants, this finding also has public policy implications. There appears to be a quality perception gap in the general public that may be driving these tap water substitute choices. This suggests 
